Objective: Studies have indicated a blood pressure (BP)-lowering effect of milk-derived peptides in non-diabetic individuals, but the cardiometabolic effects of such peptides in patients with type 2 diabetes (T2D) are not known. We investigated the effect of milk fermented with Lactobacillus helveticus on BP, glycaemic control and cardiovascular risk factors in T2D. Design: A randomised, double-blinded, prospective, placebo-controlled study. Methods: In one arm of a factorial study design, 41 patients with T2D were randomised to receive 300 ml milk fermented with L. helveticus (Cardi04 yogurt) (nZ23) or 300 ml artificially acidified milk (placebo yogurt) (nZ18) for 12 weeks. BPs were measured over 24-h, and blood samples were collected in the fasting state and during a meal test before and after the intervention. Results: Cardi04 yogurt did not reduce 24-h, daytime or nighttime systolic or diastolic BPs compared with placebo (PO0.05). Daytime and 24-h heart rate (HR) were significantly reduced in the group treated by Cardi04 yogurt compared with the placebo group (P!0.05 for both). There were no differences in HbA1c, plasma lipids, C-reactive protein, plasminogen activator inhibitor-1, tumour necrosis factor alpha, tissue-type plasminogen activator: Ag, and von Willebrand factor: Ag between the groups. The change in fasting blood glucose concentration differed significantly between the two groups with a larger increase in the placebo group (P!0.05). Conclusions: Ingestion of milk fermented with L. helveticus compared with placebo for 12 weeks did not significantly reduce BP in patients with T2D. Our finding of lower HRs and fasting plasma glucose levels in T2D patients during ingestion of fermented milk needs further validation.
Introduction
Clinical and experimental studies carried out in spontaneously hypertensive rats have reported that biologically active peptides derived from fermented milk has a blood pressure (BP)-lowering effect in hypertensive subjects (1, 2) . Most of the studies examined the tripeptides isoleucine-proline-proline and valineproline-proline released by degradation of milk proteins (especially casein) during fermentation of milk by lactic acid bacteria such as Lactobacillus helveticus (1) . The mechanism of the antihypertensive effect of milk peptides is mainly supposed to be the inhibition of the angiotensin-converting enzyme (ACE) by the tripeptides (1) . ACE is important in the regulation of BP by converting angiotensin I into the vasoconstrictor angiotensin II and inactivating the vasodilator bradykinin, thereby increasing the BP.
Even a small decrease in BP may be associated with a beneficial effect on cardiovascular disease (CVD) risk. Thus, a recent study has shown that a decrease of 5.6 mmHg in systolic BP (SBP) and 2.2 mmHg in diastolic BP (DBP) reduced the relative risk of a major macrovascular or microvascular event by 9% (3) . A recent Cochrane review including 15 intervention studies has only found a modest decrease of 2.45 mmHg in SBP with no effect of fermented milk on DBP, thus the authors did not support the use of fermented milk to reduce BP in hypertension (4) . However, none of these studies included patients with type 2 diabetes (T2D) who are known to be prone to develop hypertension and who may therefore benefit to a greater extent with respect to cardiovascular morbidity and mortality from having their BP levels reduced. A number of previous studies have reported beneficial metabolic effects of ACE inhibitors or angiotensin II receptor antagonists on insulin secretion, insulin action as well as on overall glucose metabolism in patients with T2D (5, 6) . In support of this, large-scale randomised prospective trials have reported a decreased incidence of T2D or leading to regression of impaired fasting glucose levels or impaired glucose tolerance to normoglycaemia by ACE inhibitors and angiotensin receptor blockers (ARBs), as primary or secondary outcomes (7, 8) . Studies on the use of bioactive peptides in diabetic patients are limited, and only a few studies have evaluated the effect of probiotics on specific elements of the metabolic syndrome (MS) in non-diabetic adolescents and adults (9, 10, 11) . Furthermore, the excess risk of CVD in patients with T2D is, besides hypertension, associated with adverse changes in plasma lipid levels as well as with a range of cardiometabolic risk markers involved in subclinical inflammation and coagulation. It is not known to which extent fermented milk may influence plasma lipids, inflammation and/or coagulation. On this background, the aim of the current study was to examine the extent to which 12 weeks intake of milk fermented with L. helveticus (Cardi04 yogurt) reduces BP and/or associated dysmetabolic traits, including insulin resistance, glycaemic control, plasma lipid levels and markers of antithrombosis and low-grade inflammation in T2D patients.
Design and methods

Ethics
The Central Ethics Committee, the Danish Medicine Agency and the Danish Data Protection Agency approved the study. All enrolled patients gave written and oral informed consent, and the study was registered at ClinicalTrials.gov (registration no. NCT00699426).
Study protocol
The study was a prospective randomised double-blind, placebo-controlled 2!2 factorial study, addressing the individual effects of both Cardi04 yogurt as well as of esomeprazole on cardiometabolic traits in 41 patients with T2D. The study was performed at the Steno Diabetes Center A/S, Denmark, during the period from 2008 to 2009. The esomeprazole treatment results of the 41 T2D patients included in this factorial study have been published elsewhere (12) .
All patients were recruited using the electronic medical record database at the Steno Diabetes Center A/S and were invited by letter to participate in the study. Inclusion criteria were duration of diabetes for more than 1 year, HbA1c levels between 6.0 and 10.0% (42 and 86 mmol/mol), age between 40 and 70 years, being on diet and/or oral glucose-lowering medication only (metformin and sulfonylurea). Exclusion criteria were serious organic or metabolic conditions including malignant disease, liver or severe kidney disease (serum creatinine level above the normal range or macroalbuminuria), severe heart failure (New York Heart Association class III or above), fasting C-peptide concentrations !0.3 pmol/l, alcohol or drug addiction, severe neuropathy (symptomsCvibration perception threshold O50 mV measured using a biotensiometer), anaemia, treatment with insulin, neutropaenia, treatment with warfarin or other coumarin derivates or with medication for gastric diseases, pregnancy or breast-feeding. Antihypertensive and antidiabetic medications were allowed on the condition that neither doses nor type of treatment changed during the study period.
Both men and women were invited, but only men accepted participation. A total of 46 patients were found eligible for participation and were subsequently enrolled in the study. However, five patients were excluded before randomisation. One patient dropped out for personal reasons, one dropped out because of a cancer diagnosis and three persons were excluded after screening: one because of alcohol abuse, one had anaemia and one with elevated liver enzyme levels. The remaining 41 participants completed the study protocol (Fig. 1) .
The subjects were randomly assigned by a computerised randomisation system to receive either 300 ml Cardi04 yogurt containing Lactobacillus (nZ23) once daily or 300 ml artificially acidified milk (nZ18). The patients were concurrently randomly assigned to receive either esomeprazole 40 mg or matching placebo with a 2!2 factorial design as previously described (12) . The allocation sequence was concealed in sealed envelopes and locked away from the researcher enrolling and assessing participants. The research staff and study participants remained blinded to the type of treatment during the entire study.
Cardi04 yogurt was delivered to the home address of the participants every 3rd week in coded opaque bottles. The bottles containing either Cardi04 yogurt or placebo looked identical, and the participants were instructed to consume the 300 ml fermented milk every morning for 12 weeks. A diary leaflet was given to the participants to confirm the intake and to report any potential side effects and to record blood glucose levels. The diary was presented at each visit. For the duration of the study, the subjects were asked to maintain their normal diet and lifestyle.
At each visit adverse effects, changes in body weight, medication, lifestyle, and acute illness were documented. Compliance was assessed by patient interview and from the diaries. A physician monitored the compliance at each clinic visit.
Fermented milk
L. helveticus Cardi04 is a natural lactic acid bacterium. Cardi04 yogurt is a drinking yogurt that is made from Patient recruitment flow diagram.
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Clinical Study K D Hove and others Fermented milk in diabetes 172: 1 13 www.eje-online.org skimmed milk fermented by L. helveticus. The L. helveticus fermented milk (Cardi04) was prepared from pasteurised (90 8C, 60 min) skimmed milk, cooled to 43 8C, added artificial sweetener (sucralose) and inoculated with 1% (w/t) starter culture containing a pure strain of L. helveticus Cardi04 and fermented at 43 8C at pH 4.05 (w7-8 h). The placebo product, artificially acidified milk, was prepared by adding glucono-d-lactone 1.75% instead of L. helveticus Cardi04, otherwise following the same protocol. There was no difference in mineral content between the active and the placebo products. After fermentation, peach flavour and pectin-solution were added and the fermented milk was pasteurised, homogenised and dispensed in 300 ml bottles.
Examinations
The patients visited the department four times during the 3-month study period: i) the inclusion day; ii) the baseline test and randomisation day; iii) after 6 weeks for clinical assessment and check of compliance; and iv) after 12 weeks for the final examination and outcome measures. On the test days, the participants were admitted in the morning to the Diabetes Research Unit. After a 10-h overnight fast, an i.v. cannula was inserted into a forearm vein. A standard 2200 kJ meal tolerance test (55% carbohydrate, 30% fat, and 15% protein) ingested over 10 min was performed. Blood samples were drawn 10 min before and at 0, 15, 30, 60, 90, 120, and 180 min after the meal intake. On the day before the last meal test, the patients were taking the study product twice a day as well as with the meal on the day of the meal test. This was done to achieve maximum ability to identify whether the dietary supplement had an effect on diabetes and to ensure that a negative study would not be attributed to an inadequate dose.
Biochemical analyses and calculations
Plasma glucose concentrations were determined by the hexokinase glucose-6-phosphate dehydrogenase enzymatic assay method using an automated analyser (Roche Hitachi 912 model). Plasma insulin concentrations were measured using solid-phase two-site fluoroimmunometric assays (AutoDELFIA insulin kit, Wallac, Turku, Finland). HbA1c measurements were obtained using ion-exchange HPLC (Tosoh HLC-723 G7, Tokyo, Japan) for routine analysis. Plasma proinsulin and C-peptide concentrations were measured using the AutoDELFIA C-peptide kit (Wallac). Serum triglyceride (TG), HDL, LDL, and total cholesterol levels were analysed using the specific ABX Penta kits on Pentra 400 analysers.
High sensitivity serum C-reactive protein (CRP) test was carried out by a nephelometric method, using antibodies, reagents, and equipment from Dade Behring, Marburg, Germany. Tumour necrosis factor alpha (TNFa) in plasma was determined by the Human TNFa Quantikine HS ELISA system from R&R Systems, Abingdon, UK. The protein concentration of tissue-type plasminogen activator (t-PA) was determined by ELISA method using the TintElize t-PA kit from Biopool (Umeå, Sweden). Plasminogen activator inhibitor-1 (PAI1) was determined by ELISA, using the TriniLIZE PAI kit from Trinity Biotech (Jamestown, NY, USA). Von Willebrand factor (vWF) was determined by an ELISA method using antibodies from DAKO (Glostrup, Denmark).
The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated according to the formula: fasting glucose (mmol)!fasting insulin (mU/ml)/22.5. Total areas under the curves (AUC) for insulin and glucose responses were calculated using the trapezoidal rule.
BP measurements
The patients' 24-h ambulatory BP (AMBP) was measured with an automatic 24/h BP recorder Takeda TM2421 oscillometric device (A&D Medical, Tokyo, Japan) at baseline and at the end of the intervention period. BP and heart rate (HR) readings were obtained every 30 min during the day (0700-2300 h) and every 60 min during the night (2300-0700 h) for 24 h from the non-dominant arm.
The recording was then analysed to obtain daytime, nighttime and 24-h SBP, DBP and HRs after averaging values obtained for each hour respectively.
Waist and hip circumference was measured using a flexible measuring tape (Meterex, Langenfeld, Germany). All adverse events (AEs) experienced during the study were reported on a clinical report form. The intensity of the AE was graded on a three-point scale (mild, moderate or severe) and was reported in detail on the clinical report form. The relationship of the AE with the treatment was assessed by the investigator.
Statistical analysis
The primary endpoint of the combined 2!2 factorial study of the effects of esomeprazole and fermented milk on cardiometabolic risk factors in T2D patients was change in insulin secretion as explained previously (12) . We had an 80% power to detect a 25% change in this outcome. In a post hoc power calculation of the primary endpoint of interest for the fermented milk study reported here, we had an almost 80% power to detect a 5 mmHg difference in the 24-h DBP. Linear regression analysis (ANOVA) was used to test differences in response to treatment between groups. The effects of Cardi04 yogurt treatment were tested for potential interactions with the esomeprazole treatment. Non-normally distributed variables were logarithmically transformed before analysis (results given as medians with interquartile range). Normally distributed variables are presented as meansGS.D. unless otherwise specified. A P value!0.05 was considered statistically significant. All analyses were performed using the Statistical Analysis System (SAS 9.2; SAS Institute, Cary, NC, USA). All analyses studying the effect of Cardi04 yogurt treatment were performed with and without adjustment for the esomeprazole intervention. Sample size calculation was based on the esomeprazole treatment as previously described (12) .
Coefficients of variation for the assays
The intra-and inter-assay coefficients of variation (CV) were 0.3 and 0.9% at HbA1c concentration 52.0 and 51.3 mmol/mol. The intra-and inter-assay CV were 3.7 and 9.0% at p-proinsulin concentration 2.5 pmol/l. The intra-and inter-assay CV were 2.1 and 6.3% at p-insulin concentration 34 and 33 pmol/l. The intra-and inter-assay CV were 1.3 and 3.5% at C-peptide concentration 1095 and 1108 pmol/l. The intra-and inter-assay CV were 0.7 and 0.9% at p-glucose concentration 4.2 mmol/l. The intra-and inter-assay CV were 0.8 and 1.40% at p-cholesterol levels 3.7 and 4.09 mmol/l respectively. The intra-and inter-assay CV were 0.7 and 1.4% at P-TG concentration 1.4 mmol/l. The intra-and inter-assay CV were 1.2 and 2.8% at P-HDL concentration 1.1 and 0.9 mmol/l. The inter-assay CV for P-CRP was 6.3%. The intra-and inter-assay CV were 4.9 and 5.4% at t-PA concentration of 15 ng/ml. The intra-and inter-assay CV were 2.9 and 3.3% at PAI1 concentration 40 ng/ml. The inter-assay CV was 9.5% for vWF. The intra-and interassay CV were 8.8 and 16.7% at P-TNFa concentrations 2.6 and 2.4 pg/ml. Table 1 gives the characteristics of patient at baseline and after treatment for the two groups. Despite the double-blind randomisation, the yogurt and placebo groups differed at baseline with regard to a number of markers related to glucose regulation: HbA1c (PZ0.009), fasting glucose concentration (P!0.001), AUC-glucose (PZ0.001), AUC-C-peptide (PZ0.026), AUC-insulin (PZ0.021) (Fig. 2) . However, in the analyses of changes in all variables, we have adjusted for the baseline value. All other variables were not statistically significant between groups (PO0.05).
Results
Effect of yogurt on glucose and insulin metabolism, lipids and inflammatory markers
The change in fasting blood glucose concentration was significantly different between the two groups, with a larger increase in the placebo group during the 12-week intervention. There was no interaction between Cardi04 yogurt and esomeprazole on fasting plasma glucose concentration (PZ0.87). There were no significant differences between the groups with regards to lipids or inflammatory markers. All measurements were within the normal range and no change was found between groups. There was no significant change in the AUCs for glucose ( Fig. 2A) or proinsulin (Fig. 2B) during the meal test after treatment with Cardi04 yogurt or placebo. The AUC for C-peptide decreased significantly after both Cardi04 yogurt and placebo treatment (Fig. 2C) . There was no significant change in AUCs for plasma insulin levels (Fig. 2D) .
Changes in 24-h AMBP and HR in response to yogurt treatment As given in Table 2 , the Cardi04 yogurt treatment did not significantly affect BP. There was no significant change in daytime, nighttime or 24-h SBP during the study. Furthermore, no significant changes were observed in daytime, nighttime or 24-h DBP either during the study. A significant, but small, reduction was observed in daytime HR in the Cardi04 yogurt group compared with placebo. The change in nighttime HR did not differ between the groups. However, 24-h HR decreased significantly in the Cardi04 yogurt group compared with the placebo group. There was no interaction with esomeprazole treatment on daytime HR or 24-h HR (P for both O0.05).
Treatment with Cardi04 yogurt was generally well tolerated. Only one patient reported a minor AE of flatulence. In the placebo group, five patients reported 
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Discussion
The effect of 12 weeks of daily intake of yogurt fermented with L. helveticus (Cardi04 yogurt) on 24-h BP, HR, insulin secretion, glucose metabolism and markers of cardiovascular risk was studied in subjects with T2D. No beneficial effects were found on 24-h BP measurements, insulin secretion, post-prandial glucose levels or on the levels of a number of known cardiometabolic markers involved in subclinical inflammation and/or coagulation. However, we found a reduced average HR of 2 bpm over 24 h and during daytime. Furthermore, fasting plasma glucose levels increased among patients in the placebo group compared with group treated with Cardi04 yogurt over the 12 weeks of intervention period.
As for the primary end-point in this study, we did not find any statistically significant differences in daytime, nighttime or 24-h BP between Cardi04 yogurt and placebo groups. This is in accordance with the findings by Usinger et al. (13) who reported no significant effect of a similar amount of Cardi04 yogurt on 24-h BP measurements in a group with prehypertension or borderline hypertension. Our result is also supported by two other studies investigating at the effect of lactotripeptides on 24-h AMBP monitoring (ABPM) without finding any significant effect (14, 15) . Two studies using 24-h ABPM found a significant effect of lactotripeptides (16, 17) . Other studies have investigated at the effect of different types of milk peptides in patients with hypertension. Some meta-analyses have shown a significant effect on resting BP as measured at one standard time point during the day (18, 19, 20) . A metaanalysis of the data from 15 studies showed a small effect on SBP, but no effect on DBP, as mentioned previously (4) . Similarly, a recent meta-analysis of 14 studies assessing the BP-lowering effect of the peptides isoleucine-prolineproline and valine-proline-proline exclusively in European subjects has shown a small decrease in SBP and DBP of 1.28 and 0.59 mmHg respectively (21) . It cannot be ruled out that the use of BP-lowering medication, ACE/AT2 blockers in our study might have influenced the results; however, we do not find this likely as both dose and type of antihypertensive medication were kept constant during the study period.
Interestingly, we found a statistically significant lower daytime and 24-h HR in patients ingesting Cardi04 yogurt. A similar effect on HR has also been shown in spontaneously hypertensive rats fed by L. helveticus fermented milk (22) , and could theoretically be ascribed to the ACE inhibitory effects of L. helveticus (23) . Indeed, angiotensin II activates the sympathetic nervous system and it was previously reported that treatment with ACE inhibitors reduce the HR in hypertensive patients with elevated HR values (and presumably higher sympathetic activity) (23) . HR is an important determinant of myocardial oxygen consumption and cardiac work. An elevated HR is generally considered as an important risk factor for CVD, and therefore a reduction in HR may represent an important goal in the treatment of patients with a wide range of cardiac disorders (24, 25) . However, it is important to bear in mind that the ACE inhibition of fermented milk shown in animal and in in vitro studies has not been conclusively shown in humans.
The deterioration of the fasting plasma glucose level in the T2D patients during the 12-week study in the 73 (7) 71 (8) 72 (6) 72 (7) 0.417 0.400 Daytime heart rate (bmp) 78 (9) 76 (9) 76 (10) 78 (11) 0.041 0.020 Night-time SBP (mmHg)
123 (22) 120 (15) 127 (21) 129 ( placebo group could theoretically be explained by the progressive nature of T2D with a decline of b-cell function over time (26) . This is supported by the significant decline in insulin secretion as determined by the AUC C-peptide levels in both groups during the intervention (Fig. 2) . The finding of a statistical significantly reduced deterioration of the fasting plasma glucose level in patients ingesting Cardi04 yogurt is interesting. However, this finding should be interpreted cautiously, because imbalances were observed at baseline in various glycaemic variables including the fasting plasma glucose levels. While the differences in fasting plasma glucose levels remained statistically significant even after adjustment for baseline differences between groups, no differences were observed in post prandial or AUC plasma glucose levels between the intervention groups ( Fig. 2) . Increased activity of the renin angiotensin system has been associated with obesity and glucose intolerance, and prospective epidemiological studies have reported that blocking the system using either ACE inhibitors or ARBs has been shown to reduce the incidence of diabetes (27, 28, 29, 30) and both ACE-inhibitors and ARBs may improve insulin action to different extents (31, 32) as well as insulin secretion (33) . Accordingly, it may be considered biologically plausible that bioactive peptides in the Cardi04 yogurt inhibiting ACE may reduce plasma glucose levels in patients with diabetes. As for the potential mechanisms, in this study, we found that there was a trend towards an improvement in HOMA insulin resistance in the group that was treated with Cardi04 yogurt compared with placebo (Table 1) . Further studies are needed to substantiate this finding. Subclinical inflammation is commonly present in patients with T2D and the MS (34) and has furthermore been considered a risk factor for arteriosclerosis (35) . Probiotic dairy products may theoretically exhibit beneficial effects on the markers of subclinical inflammation by influencing the gut microbiota (36), or via other indirect mechanisms such as the documented improvement in fasting plasma glucose levels. We therefore studied a range of key markers of subclinical inflammation in the circulation including high-sensitive CRP and TNFa levels, and found no difference in these markers between groups (Table 1) . Accordingly, the data does not suggest that Cardi04 yogurt may reduce CVD risk by reducing subclinical inflammation.
Several markers of coagulation and to some extent endothelial function including vWF and tPA-Ag and PAI1 Ag are linked with markers of subclinical inflammation and may represent independent risk factors for CVD (37) . Indeed, it has been reported that some types for probiotic bacteria influence markers of coagulation in a beneficial manner (38) . However, we found no effect of Cardi04 yogurt on any of the key markers of coagulation measured in this study.
Hypercholesterolaemia is a major risk factor for CVD, especially a high level of LDL-cholesterol in the blood increases the risk of developing CVD (39) . Fermented milk may also be able to improve cholesterol levels (40) . However, our study showed no significant differences in total cholesterol, LDL cholesterol, HDL cholesterol, and serum TG levels between Cardi04 yogurt and placebo groups ( Table 1) .
The strength of this study is that the study was performed in a randomised, double-blind, placebocontrolled manner with ABPM as a state-of-the-art method to measure BP, removing the influence of 'the white-coat effect'.
Limitations are the relatively small number of participants in each group. Furthermore, the study had a relatively short intervention period (12 weeks), which could mask long-term treatment effects. However, within this time period indeed a possible effect is likely to occur. Thus, trials carried out in hypertensive individuals have shown that the largest part of the total BP reduction is observed after 1-2 weeks of treatment followed by a gradual BP-lowering effect until a maximum effect is reached after about 8-12 weeks of treatment (1) .
In conclusion, we were unable to show any BPlowering effect of Cardi04 yogurt supplementation for 12 weeks in patients with T2D using AMBP as the primary outcome. However, Cardi04 yogurt reduced fasting plasma glucose levels as well as the daytime-and 24-h HR. These findings needs further confirmation and evaluation with respect to the putative health-promoting effects, and the underlying mechanisms for these effects should be assessed in future studies.
